Objective: To study in humans the relationship between a diet consistent with most of the current recommendations for the prevention of nutrition-related diseases (Wholesome Nutrition) and the blood lipid profile (total cholesterol, LDL-, HDL-cholesterol, LDL=HDL-ratio, triglycerides). Design: Cross-sectional study with two diet groups. Setting: Former West Germany. Subjects: Healthy women (n ¼ 243, aged 25 -65 y) adhering to Wholesome Nutrition for at least 5 y (subdivided into 111 ovo-lacto vegetarians and 132 low-meat eaters) and an according control group of 175 women eating an average German mixed diet. They were all recruited through an advertisement campaign and selected on the basis of their food consumption. Results: Considering potential confounders, the Wholesome Nutrition subgroups had higher HDL-cholesterol levels than the control group. No differences were observed for total cholesterol and LDL-cholesterol. For LDL=HDL-ratio and triglycerides the effect of diet was dependent on interaction terms. With increasing risk factors (age or body mass index (BMI)) the Wholesome Nutrition subgroups showed more favourable blood lipids. Conclusions: Women eating a preventive diet on a long-term basis exhibit more favourable blood lipid profiles than women consuming an average mixed diet. This is particularly obvious for HDL-cholesterol in the presence of certain risk factors and when an ovo-lacto vegetarian version is practised.
Introduction
The risk of coronary heart disease (CHD) is especially high in industrialised countries. Even though the mortality rate due to CHD has declined significantly in a number of European countries during the last two decades, it still remains the main cause of death. Apart from genetic factors, environmental factors such as lifestyle and nutrition are involved in its etiology (EAS, 1992; Pyörälä et al, 1994; Pyörälä, 1996) . High levels of total cholesterol, LDLcholesterol and triglycerides, a high LDL=HDL-ratio and low levels of HDL-cholesterol are predictive for the increased risk of CHD and are considered to be the major risk factors, besides smoking and high blood pressure (Pyörälä, 1996) .
As diet is involved in the various CHD-related risk factors, dietary recommendations for the prevention of CHD are promoted by experts and public health organisations. These include achieving or maintaining a healthy body weight, choosing a diet low in fat, particularly in saturated fatty acids and cholesterol, and consuming a variety of vegetables, fruit and whole grain products. Moreover, sugar, salt and sodium should be used in moderation, and alcohol, if at all, should be consumed in moderate amounts (Nutrition Committee, American Heart Association, 1996 .
With increasing health awareness, diets that meet preventive recommendations are becoming increasingly popular in Germany. This also applies for wholesome nutrition, which has the following general features: (1) preference of foods of plant origin (a primarily ovo-lacto vegetarian diet); (2) preference of foods processed as little as possible; (3) plentiful consumption of unheated fresh food; (4) careful preparation of meals from fresh foods; and (5) the sparse use of fat (Koerber et al, 1999) . This diet is, therefore, mainly composed of vegetables, fruit, whole grain products, potatoes, legumes and dairy products. If eaten at all, the consumption of meat, fish and eggs is limited to one or two portions per week. Persons adhering to wholesome nutrition do not necessarily meet the recommendations for the prevention of CHD to their full extent. However, they represent a suitable group to study the longterm effect of a health-conscious diet on blood lipid profile for which the empirical database so far is small. Therefore, with the Giessen Wholesome Nutrition Study, it was examined whether a group of healthy women adhering to wholesome nutrition for at least 5 y had a more favourable blood lipid profile than a comparable group of women eating an average German mixed diet (control group).
Methods

Selection of study participants
For a more homogenous group and better compliance, women were exclusively selected for study participation. Using different advertisements in newspapers and magazines in 1989 and 1990, healthy women aged 25 -65 y were recruited in former West Germany and West Berlin. Potential participants from former East Germany were excluded because of changes in their dietary habits during that period of time. Inclusion criteria were that women of the wholesome nutrition group had practised wholesome nutrition for at least 5 y and that women of the control group had not followed any special diet in the past 5 y. About 1500 women per group responded to the advertisements. Subsequently they received a questionnaire asking about their nutritional habits, frequency of food consumption (using a semiquantitative food frequency list), anthropometric and socio-demographic data, smoking and physical activity, as well as prevalent diseases. In all, 1319 women returned the completed questionnaire for the wholesome nutrition group and 1324 women for the control group. Based on the semiquantitative food frequency list, eligible study participants for this study were selected according to their responses to several specific indicator food items enquired about in the semiquantitative food frequency list. A priori defined selection criteria for the wholesome nutrition group were: consumption of whole grain products above 1100 g=week, of unheated vegetables above 700 g=week, of highly refined grain products below 1050 g=week, of meat below 300 g=week, of meat products below 100 g=week and of alcohol below 70 g=week. Vegans were not considered as study participants since a vegan diet does not agree with the wholesome nutrition concept. For the control group, the following criteria were defined: consumption of meat between 301 and 1050 g=week, of unheated vegetables between 170 and 852 g=week and of alcohol below 140 g=week. The criteria applied in the control group avoided overlapping of the diet groups with respect to food choice. For the control group, the criteria ensured a consumption according to the average for women reported by the German National Consumption Study (Projektträ-gerschaft Forschung im Dienste der Gesundheit, 1991).
The selection criteria were met by 360 women in the wholesome nutrition group and 332 women in the control group. A drop-out in connection with blood collection, pregnancy, illness and a second questionnaire on lifestyle factors reduced the number of study participants to 243 women in the wholesome nutrition group and to 175 in the control group. For the examination of blood lipids, all smokers (wholesome nutrition group, one; control group, 35) and women taking lipid-lowering medication (control group, two) were also excluded, leaving 242 in the wholesome nutrition group and 138 in the control group. These groups represent 67, respectively 42% of the eligible study population. The wholesome nutrition group consisted of the subgroups of 111 ovo-lacto vegetarians and 131 low-meat eaters.
Dietary assessment
The dietary intake of the study participants was assessed by a self-administered 7-day estimated (standardised) food record. Closed food record categories for 151 food items with the characteristic portion size (household measures and quantity in grams) were provided with a booklet, in which the food consumption was noted at the time of eating. To increase reporting accuracy and unambiguous classification of certain food items, photographs and detailed descriptions of portion sizes were additionally provided. Detailed written instructions informed the participants how to complete the food record.
This semiquantitative food record was developed especially for this study. A validation study with a subgroup of 67 women (33 in the wholesome nutrition group, 34 in the control group) showed that the 7-day estimated food record, compared to a 7-day weighed food record, classified on average 55% of the participants into the same tertiles. This validation study took nutrients as well as food items into consideration. However, the estimated intake of energy and nutrients was slightly higher with the 7-day estimated food record. The misclassification rates did not differ between the diet groups and therefore differential misclassification can be excluded (Hoffmann, 1994; Hoffmann et al, 1994) .
The nutrient intake was calculated on the basis of the German Food Code and Nutrition Data Base BLS II.2 (Federal Institute for Health Protection of Consumers and Veterinary Medicine, 1998) as well as producer's data.
Blood collection
The blood samples were collected after overnight fasting under standardised conditions between 6.00 and 9.00 am in Giessen Wholesome Nutrition Study I Hoffmann et al a sitting position. The blood samples were immediately cooled on ice and centrifuged at 4000 rpm. Blood lipids were analysed on the same day with enzymatic-photometric assays (CHOD-PAP method for total cholesterol and GPO-PAP method for triglycerides, with a Hitachi 717, Boehringer Mannheim, Germany) at the Institute of Clinical Chemistry, Giessen, Germany. The coefficient of variation was 1.5 for total cholesterol and 2.1 for LDL-cholesterol. The triglycerides were analysed after hydrolysis of glycerol and fatty acids by measurement of glycerol using glycerol kinase and glycerol phosphate oxidase. The coefficient of variation was 1.4 for triglycerides. HDL-cholesterol was determined in the supernatant fluid after precipitation of VLDL and LDL using phosphowolframate and magnesium chloride; LDL-cholesterol was determined by subtraction of total cholesterol minus cholesterol in the supernatant fluid after precipitation of LDL by polyvinyl sulfate (Boehringer Mannheim, Germany). The coefficient of variation was 2.6 for HDL-cholesterol. The ratio of LDL-cholesterol to HDL-cholesterol was calculated.
Potential confounders of the association between diet and blood lipids were assessed by a questionnaire (age in years, physical activity and socio-demographic status such as education and per capita income; number of years practising wholesome nutrition), by the 7 day estimated food record (alcohol consumption, intake of sex hormones including oral contraceptives and hormone replacement therapy), by direct weighing (in light clothing, without shoes), and by direct measuring of height. Body mass index (BMI) was calculated as weight in kg divided by height 2 in m.
Statistical methods
The relationship between the diet groups and blood lipids was tested at different levels: (a) by comparing the means of the groups with one-way ANOVA (post-hoc test: Tukey's honestly significant difference (HSD) test), (b) by analysis of covariance and multiple linear regression to control for potential confounders and interactions. All the above-mentioned confounders were tested. However, in the final model only those confounders and interactions with a significant effect of 0.15 were considered (confounders -for all parameters age and BMI, for LDL-cholesterol additionally number of years practising wholesome nutrition and for triglycerides additionally intake of oral contraceptives; interactions -for LDL=HDL-ratio dietÂBMI, for triglycerides dietÂage). Missing values of blood lipid concentrations (total cholesterol, one; LDL-cholesterol, 10; HDL-cholesterol, four; LDL=HDL-ratio, 10) were substituted by the average (median) of all other participants (n ¼ 380). Differences in food consumption between two groups were tested by ANOVA (post-hoc test, Tukey's HSD test). The Pearson w 2 test was used to test whether one diet group differed from the other diet groups with respect to the categories of confounding variables. Results were considered significant when significance level was 0.05. All data analyses were performed with SPSS 1 10.0 (SPSS Inc., Chicago, IL, USA).
Results
Basic characteristics
In the distribution over categories, no differences between the three study groups could be observed for age, physical activity and per capita income (Table 1) . Except for alcohol consumption, there were no significant differences between ovo-lacto vegetarians and low-meat eaters. In addition to a lower alcohol consumption, the two wholesome nutrition subgroups had a lower intake of sex hormones and higher educational levels than the control group. Moreover, the number of participants of the two wholesome nutrition subgroups in the lower categories of BMI was higher.
The final participants of this study did not show any significant difference in comparison to the eligible group when characteristics such as consumption of convenience food, age, BMI, physical activity or occupation were compared.
Food consumption
The food consumption of the two wholesome nutrition subgroups differed significantly from the control group (Table 2) , partly due to the selection criteria for further participation in the study that was based on dietary habits. Both wholesome nutrition subgroups preferred whole grain products to highly processed grain products (eg whole grain bread instead of white bread, brown rice instead of white rice); they consumed much more and preferably raw vegetables and fruit. Whereas the ovo-lacto vegetarian group ate no meat=meat products and fish=fish products, the low-meat group ate little of these food items. The consumption of sweets and foods containing sugar (eg soft drinks) was lower than in the control group. Moreover, they drank fewer alcoholic beverages and preferred mostly herbal teas and mineral water. Of the three study groups, the ovo-lacto vegetarians consumed the least milk (in comparison to low-meat eaters, difference not significant) and dairy products as well as eggs, indicating that they replaced meat and fish with plant foods instead of other animal foods. The total carbohydrate intake of the wholesome nutrition subgroups was higher (containing more Giessen Wholesome Nutrition Study I Hoffmann et al complex carbohydrates and monosaccharides but less disaccharides), as was that of dietary fibre (water-soluble as well as water-insoluble). The total fat intake was lower, whereas the intake of polyunsaturated fatty acids was higher and that of saturated fatty acids was lower. The intake of cholesterol was about half and the alcohol consumption very low compared to the control group.
Blood lipids
Examining the raw data, no crude association between belonging to a diet group and total cholesterol as well as LDL-cholesterol could be detected (Table 3 ). The LDL=HDL-ratio and triglyceride concentrations of the ovo-lacto vegetarians as well as low-meat eaters were significantly lower; the concentration of HDL-cholesterol of the low-meat eaters was significantly higher than that of the controls. After controlling for potential confounders and interactions, the results were partly different. There was neither an association between diet and total cholesterol nor a difference in total cholesterol levels between the study groups. Additionally, no association between diet and LDL-cholesterol and no significant differences in LDL-cholesterol concentrations between the diet groups was observed. For HDL-cholesterol, a significant association with diet could be shown (P ¼ 0.026). The mean HDL-cholesterol levels of low-meat eaters (P ¼ 0.009) and ovo-lacto vegetarians (P ¼ 0.050) were significantly higher than those of the control group. For the other parameters, multiple analysis revealed an interaction between diet and one potential confounder, meaning that the diet has a different effect size at different levels of the confounder. For the LDL=HDL-ratio, an association with diet and an interaction between diet and BMI was observed (Figure 1 ). Starting with a BMI of 25 kg=m 2 , a significant association between diet and LDL=HDL-ratio has been observed (P < 0.044 for BMI ¼ 25 kg=m 2 ). From this point upwards, the control group showed an increasingly and significantly higher LDL=HDL-ratio compared to the ovo-lacto vegetarians (P ¼ 0.013 for BMI ¼ 25 kg=m 2 ). Low-meat eaters showed higher LDL=HDL-ratio than ovo-lacto vegetarians when BMI was higher than 28 kg=m 2 (P ¼ 0.044). There are no significant differences between low-meat eaters and control group. Considering an interaction between diet and age, there was a significant relationship between diet and level of triglycerides starting at an age of 45 y (P ¼ 0.046, Figure 2) . With increasing age, the control group had significantly higher levels of triglycerides than the low-meat eaters (P ¼ 0.030 for age ¼ 45 y) and ovo-lacto vegetarians (P ¼ 0.0031 for age ¼ 45 y). There were no differences in the triglyceride levels between the two subgroups of wholesome nutrition.
Discussion
The present study shows that women adhering to preventive dietary recommendations in their daily diet on a Giessen Wholesome Nutrition Study I Hoffmann et al long-term basis have more favourable lipid profiles than women consuming an average diet. This is especially obvious for HDL-cholesterol and when certain risk factors are present and when an ovo-lacto vegetarian version of such a preventive diet is practised. This positive influence occurred despite some attenuating factors present in this study. The facts that the control group showed a somewhat more favourable diet than the German average, that the size of the study groups was comparatively small, that the dietary intake and blood lipids were determined only once, and that no correction for within-person variability could be undertaken indicate that the observed relationships are stronger in reality than empirically observed.
Women practising wholesome nutrition exhibited a higher level of HDL-cholesterol. HDL-cholesterol is considered to be a main risk factor for CHD with high HDLcholesterol concentrations being protective against CHD and low HDL-cholesterol concentrations being associated with a higher risk of CHD (Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, 1993) . This has been confirmed with the Lipid Research Clinics Prevalence Study (Jacobs et al, 1990 ) and the Framingham-Study (Castelli et al, 1986) , as well as other studies.
The ovo-lacto vegetarians showed a significantly lower and therefore more favourable LDL=HDL-ratio than the control group for BMI above 25 kg=m 2 . This is of special importance since a comparison of four blood cholesterol measurements within large study populations has shown that this ratio is a better predictor of CHD risk than the single blood lipid measurements (Kinosian et al, 1994) . This fact is supported by studies such as the Bogalusa Heart Study (Kafrissen, 1990 ) and the Prospective Cardiovascular Münster Study (PROCAM, Assmann & Schulte, 1992) .
For triglycerides, the existing data revealed an association with diet for women above 45 y of age. With an increasing risk due to age (Gillum et al, 1998) both subgroups of wholesome nutrition exhibited significantly lower triglyceride levels. A recent meta analysis based on prospective studies revealed that high triglyceride levels are an important risk factor for CHD, especially in women, and independent of HDL-cholesterol (Austin, 1997; Austin et al, 1998) . For total cholesterol and LDL-cholesterol, our data did not show differences between the diet groups. Both lipoproteins are risk factors for CHD, whereas LDL-cholesterol shows the strongest and most consistent association with CHD of all lipid fractions. Data of the PROCAM and other prospective studies confirm a log -linear relationship between LDL-cholesterol and risk of CHD (Cullen et al, 1998) . The reason why no differences for total cholesterol were detected in our study may partly be due to the fact that this parameter combines several subcomponents, including the two contrary subfractions of LDL-and HDL-cholesterol. Since most of the cholesterol in plasma is found in LDL particles, total cholesterol and LDL-cholesterol are highly correlated. This may also explain the similar results for total cholesterol and LDL-cholesterol in this investigation.
Taking the presented data, a lower risk for CHD in the long run may be expected for the wholesome nutrition groups, since important lipid risk factors are more favourable.
Furthermore, our data support the importance of preventive dietary recommendations since the protective character becomes more obvious when risk factors are elevated -the higher a risk factor the more favourable the lipid profile with a preventive diet. Within the 'normal range', the effect of a preventive diet seems to be less decisive than in a range of risk. This is in agreement with the findings reported by Liu et al (2000 Liu et al ( , 2001 . In the Women's Health Study (Liu et al 2000) , the inverse association between fruit and vegetable intake and the incidence of CVD, even though not significant, also appeared more evident among women with BMI > 25 and current smokers. This could be confirmed on a statistically significant basis for men in the Physicians' Health Study (Liu et al, 2001) . No significant differences in blood lipids were found between ovo-lacto vegetarians and low-meat eaters. It is possible that no differences exist, but since the wholesome nutrition group was divided up into the two subgroups of ovo-lacto vegetarians and low-meat eaters they are smaller and show a fairly high similarity in their diets. Therefore, potentially existing differences may be difficult to show.
Even though none of the examined blood lipids discriminated between ovo-lacto vegetarians and low-meat eaters, the advantage of the ovo-lacto vegetarian version of wholesome nutrition (compared to the average German diet) was more obvious than that of the low-meat eaters. Other studies with healthy females and males support the advantages of vegetarian diets concerning blood lipids. However, their results are contrary to our findings as they predominantly show lower concentrations of total cholesterol and LDL-cholesterol for vegetarians in comparison to the average population, whereas the results for HDLcholesterol are not consistent. Besides the differing effect of risk factors, the most important finding of our study is the higher concentration of HDL-cholesterol compared to the control group.
The findings of the Berlin Vegetarian Study with its univariate statistical analyses show that the female vegetarians had lower total cholesterol and triglyceride levels than the non-vegetarians, whereas no differences for HDLcholesterol level were observed (Rottka, 1990) . In a lipid screening at population level for HDL-cholesterol in the area of Leipzig (Germany), no significant differences between vegetarians (43 men and 76 women) and the general population were observed, whereas the vegetarians had lower total cholesterol levels and the total cholesterol=HDL-cholesterol-ratios were more favourable for vegetarians (Richter et al, 1993) . A British study with 1550 ovo-lacto vegetarians, 114 vegans, 415 fish eaters and 1198 meat eaters found higher total and LDL-cholesterol levels in meat eaters than in vegans and in vegetarians and fish eaters intermediate and similar values. HDLcholesterol levels were highest in the fish eaters but did not differ among the other groups (Thorogood et al, 1987) . Study groups with special diets such as macrobiotics (Sacks et al, 1975) , vegans (Burslem et al, 1978) , and subjects with a special interest in 'health food' (Burr et al, 1981) also show lower total cholesterol, LDL-cholesterol but lower or higher HDL-cholesterol levels than the controls consuming an average diet.
A possible explanation for the fact that the results of our study differ from other studies may be that participants of the wholesome nutrition subgroups had a well planned food choice close to the recommendations for the primary prevention of CHD with the exception of the percentage of fat intake (Nutrition Committee, American Heart Association, 1996). They ate a favourable variety of food items of all food groups and they ate in moderation (eg adequate energy intake), with a high proportion of vegetables, fruit and whole grain products. Furthermore, they drank little, if any, alcohol. There were significant differences between the three study groups concerning the adherence to foodrelated recommendations. The vegetarians were closest to the recommendations, the control group differed most from those, and the low-meat eaters were in-between. This overall health conscious food choice of the wholesome nutrition subgroups cannot always be assured for the participants of other studies, in which the participants often merely omit certain food items from their diet. Our finding of a higher HDL-concentration in blood is supported by studies describing a favourable influence of phytochemicals on this blood parameter. A study with 50 women demonstrated a positive correlation of flavonoids and antioxidant vitamins with the level of HDL-cholesterol and a negative correlation with triglycerides (Kimira et al, 1998) . Flavonoids and antioxidant vitamins may serve as markers for diets rich in plant foods. A study of 34 492 postmenopausal women revealed a clear inverse association between whole grain intake and risk of death due to ischemic heart disease, which was not explainable by dietary fibre intake or several other constituents of whole grains (Jacobs et al, 1998) . The data of the Nurses' Health Study with 75 521 middle-aged women supports the protective effect of an increased whole grain consumption against CHD that could not be fully explained by the intake of dietary fibre, folate, vitamin B 6 and vitamin E (Liu et al, 1999) . Also, the results of the Scottish Heart Health Study led to the conclusion that antioxidant vitamins and dietary fibre may be indicative in the prediction of the cholesterol level (Bolton-Smith et al, 1991) . All these findings may give an explanation as to why the HDL-concentration in the two wholesome nutrition subgroups is higher than in the control group. They also support the necessity to pay more attention to the relationship between lipoproteins and the complete diet or the overall consumption of fruit and vegetables.
The wholesome nutrition subgroups met the CHD-preventative recommendations except for the fat intake. For example, they preferred full-fat to non-fat or low-fat dairy products. The intake of fat was higher than recommended. Even though the absolute fat intake of the ovo-lacto vegetarians was lower, the proportion of energy deriving from fat was about the same compared to the control group. However, the distribution over the different fatty acids was more favourable (ie higher intake of omega-6 fatty acids and polyunsaturated fatty acids, lower intake of saturated fatty acids). Considering the question as to what nutrients explain the differences of the blood lipids, we found that only a small part of the variation of the blood lipids could be explained by the intake of total fat, saturated fatty acids, polyunsaturated fatty acids, cholesterol, polysaccharides, monosaccharides, soluble dietary fibre and energy (with multiple linear regression; data not shown). This was true for the raw data, the data corrected by the validation study, the energy adjusted data and the data combined to the Keys score. If significant effects of nutrients on blood lipid concentrations were found (mainly for HDL-cholesterol), it was more the case for the carbohydrate fractions, polyand monosaccharides, and soluble dietary fibre rather than for fat or its fractions and cholesterol.
A British cross-sectional study on the relation between diet and blood lipids in health conscious groups (vegetarians, vegans, fish eaters and meat eaters, 52 participants in each group) came to similar conclusions concerning fat intake. The subjects in this study did not replace energy derived from fat with energy deriving from carbohydrate. Instead, they altered the nature of both the fat and carbohydrate foods consumed. None of the measures of fat intake was associated with HDL-cholesterol (Thorogood et al, 1990) . There is good evidence that the replacement of fats by carbohydrates is associated with a decrease of HDLcholesterol (Vélez-Carrasco et al, 1999) . The effect is Giessen Wholesome Nutrition Study I Hoffmann et al strongest for the replacement of saturated fatty acids by carbohydrates but also seen for the replacement of monoand polyunsaturated fatty acids (Katan, 1998) . A study from New Zealand with 23 non-vegetarian and 24 vegetarian Seventh-Day-Adventists supports this finding, since both groups exhibited similar blood lipid levels even though the vegetarian group consumed a diet lower in total fat, saturated fatty acids and cholesterol (Harman & Parnell, 1998) .
The results suggest that, in a preventive diet, a reduction of total fat intake may not be as decisive for the blood lipid fractions and for the risk of CHD as the proportion of foods of plant origin in the diet. For favourable blood lipid profiles, individuals can apparently choose a diet with a similar proportion of total fat and total carbohydrate compared to the general population if the proportion of plant foods is high. Such a diet can fulfil most of the current recommendations and may prove to be more acceptable, compliant and palatable than low-fat=high-carbohydrate diets. Also, this dietary approach assures the intake of food constituents (eg antioxidants, phytochemicals) that are relevant in reducing risk factors for CHD apart from blood lipids. Further investigations are needed to corroborate these findings.
